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(54) ACID NITRIDE PHOSPHOR ACTIVATED WITH RARE EARTH 
ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
acid nitride phosphor activated with a rare 
earth element, which can realize a white 
LED with a higher luminance, using a blue 
LED as the light source. 
SOLUTION: This phosphor is represented 
by the general formula: MexSM2-(m+n)AI 
(m+n)OnN16-n:Re1yRe2z, wherein a part 
or the whole of the metal(s) Me (Me is Ca, 
Mg, Y, or one or more of lanthanide metals 
except La and Ce) capable of forming a 
solid solution with a-sialon is substituted 
by lanthanide metal(s) Re1 (Re1 is one or 
more of Ce, Pr, Eu, Tb, Yb, and Er) serving 

as a luminescent center, or two kinds of lanthanide metals Re1 and a 
coactivator comprising Re2 (Re2 is Dy). 
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[11*91] — flxS; : Me,Sin-<w«> Alw 0»N.<h, : 
Re 1, Re2, X'TF £ *U 7^77^70^ K B^-f 5 
Me (Mett. Ca, Mg> Y x XliLa £Ce£|&< 7 

%n^?'bbfi.hy^9~ K&JSRel (Reltt, Ce x Pr, E 
u, Tb, Yb, X«±ErW-ffi^ t < ttZL«6Jl±) 
JR©5^4'=K4*RelXt5*#fll*Ji:b-C©Re2 (Re2 

[Mftg2] &JRMe#r«<0£t, 0.6<m<3.0, d» 
o0^n<l. 5T'$>SIS*JI 1 IEitC»^r±®7C*5r#ft$ 

[»*3I3] &RMe#HflfiCD£#, 0.9<m<4.5, A» 

[if*g4] m=1.5, n^.TS-C'fo 1 ?, : Me.Si 

i.s Ak» Oo.h N.s.* s :Rel,Re2. lCt5V^T v 0. 3<x+y< 
0.75, /4>oO.OKy+z<0. 7 (fcfcU y>0.0U O.O^z 
<0.1) ■C*j5»*«l7!rS3V^*i.A»lc|E«©#±JB 

[ft#>f 5] 0.3<x+y+z<1.5, 0.01<y<0. 7, ri>0 
0. 0^ z < 0. 1 X 5 4 fStfe W*±Stc* Srttg $ 

[IS*JI6] AJRlfe*SCB-e*)5MI*3|[2 > 4Xfi5V> 
[0 00 1] 

(WfeLED) tr3tU[ii-*efe«*^'f*-K (SfeLE 
[0 0 0 2] 

[000 3] gftWS L < Oftftftftfcttfttm 
»«aiMvcv*4v\ gfls&Sbtfti LTtiu fctt 

, K-f y #ff3B789, 890#&«fc-r l^VflHtaMfcT 
/U 5 zz$M>tf y ttz. Xtik Tlzv. Akad. Nauk SSSR, Ne 
org. Masterj 17(8), 1431-5 (198DIC, &±g7c3tlC 
.t^g^fc^-tirfc^^^^ASft^Y^ (MgSiN,) # 

•SZhSiN* iaiii*r-#flFS-"*fc#fe*3l6# (T. Endo et al. 
THigh pressure synthesis of'periodic compound* a 
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nd its optical and electrical propertiesj , In T. 
Tsuruta, M. Doyama and Seno (Editors), New Functio 
nality Materials, Volume C, Elsevier, Amsterdam, T 
he Netherlands, pp. 107-112(1993)) ^\ CaSiN* (ClEu 
*ftffi*-frfc*fe*3t* (S. S. Lee et al. TPhotolu 
minescence and Electroluminescence Characteristic 
of CaSiNz :EuJ , Proc. SPIE-Int. Soc. Opt. Eng. , 32 
41, 75-83(1997)) , $ ibfcl* Ba 2 Sis N» iCEuSrfl-S^-t!: 

10 [0004] ^mt^^tmc^XH, ^-f-frJT 
Bls&&Vmnb-rZ%%ft (#HJIIB60-206889*4* 

(J. W. H. van Krevel et al. ("Long wavelength Ce 
emission in Y-Si-O-N materialsj , J. Alloys and 

Compounds, 268, 272-277(1998)) ^ ^<—9T^^ 
fflfiStr^-t^Baw Eu,ALi 0i.N3bte# (H. Hintzen et 
al. fOn the Existence of Europium Aluminum Oxynit 
rides with a Magnetoplumbite or |3 -Alumina-Type St 
20 ructurej , J. SolidState Chem. , 142, 48-50(1999), 
5.tFS. R. Jansen et al. TEu-Doped BariumAluminum 
Oxynitride with $ -Alumina-Type Structure as New B 
lue-EmittingPhosphorJ , J. Electrochem. Soc, 146, 

800-806(1999)) #$R££*rCV>a. &&X\^ 

\^Z><D%-Xh?> (#112000-030280) 0 

[0005] t r hx. ffitkmwm l < tt(t#*r<c ¥<d 

t) , ^^J|-Cfe'5&5:450~550nm(DInGaN^<OWfeLED^ 
<DXh5>o 

[0 0 0 6] r©±3 46feLEDI£»S4*#fti:LT 
14, ffl^S: (Y, Gd) 3 (Al,Ga)s0i2 XTFZtlZUGJ&mt 
m (CCe S: K- 7* L fc*3t#^ft t> £ < JB V ^ ft<X\ > 5 „ 
w©*3t*tt. ^JtagT'feSBtjEInGaN^roWfeLED^s/ 
40 7°<D*ffi|C^< 3— ^£*l<5o 

[0 0 0 7] 

^S3tfrl4, BjBaS** J 400nmSrigx.5i:, ^ 

-5c Lfci^oT, InGaN^WfeLEDO^s' Affile YAG^ 

mtm*t>t£Z>&%#&*-? 4 >yLxmibtiz>&e. 

50 DSrf^SSi-Sr t{isiLv^i:$i^T^^fc 0 
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[0008] znmm^mn. w±roa ij <73>ft [cm 

*Xt£Zfttzh<DX'&«) . *ft**^*-K (#£LE 
D) «r3tRi:i-5efe3B*^-f*-K (G&LED) ©K® 

10 0 0 9] 

[mh***i-5 £»©*«:] za>mm<7>%w<o%m% 

"T&fl^ (^500um) IZkR&m&x^? h*ZG-fZ> 
S3t*SrStfJfiOii«3SSlU-CV>5 (#112000-030280 

(ooio] *rLT, c'ottwoxfifc StilE&flftfjfci 
ttSttWLfcfi*, ***ylr4 hy-f Y1Sy* <fc "9 

(Mete, Ca, Mg, Y, XJiLaiCe£|&< y K&JB 

W^'kt&S?:/*— K&JiRel (Relli, Ce, Pr, Eu, 
Tb, Yb, XftErff)-WgL<it~mU±.) X\t-mM<D 
y>*~ h'&RRelRXf&ttmmt LX<DRe2 (Re2»4D 
y) -C**LfclBfltt©|«fc**#ffc6*. iSSS£<D6 

[0011] i©UW©*Mtt» tfriB©lRJH«rtffc-t-a 30 
i><Db LT, — SxSC : Me.SiiM*. >Ala«> CNi*, :Re 
1, Re2, X'TjkZiV. rW7o 5&JSMe 

(Mef4, Ca, Mg, Y, Xf4LaiCe£l&< 7 = K&JS 

©-«£L<«i-«gU:) L<f4£-Cas, f§3fc 

©tf'.kift 57 = K&JSRel (ReUi, Ce, Pr, Eu, 

Tb, Yb, X\*Er<D-mML<te-mU±.) XI4~««ro 
7^= KAJRRelRV*ftffiSli fC<7?Re2 (Re2liD 
y) -C*g^$tLfc«3t^T*fc5^t?r^mti-5*±S 

5„ 40 
[0 0 12] &tLZ<Dtiim<D%mt. &me#~fa<Db 
#, 0.6<m<3.0, ^OOgn<1.5T*fo'5wi: (Sf*® 
2) , 8 L < tt^JRHeiSZffi© t £ , 0.9<n><4.5, d» 

[0013] zb\cz(Diiim<n%m*. u±(r>^±m7t 

*Srf+»$-frfcK»b**Jt«EtB8b, b=1.5, n=0.75 
TrfcO, fflfKiC : Me, Si™ Al»a Ob.» Nu» :Rel,Re2 
.KjSVT, 0.3<x+y<0.75, 7>oO. 01<y+z<0. 7 (fc 
7c: L, y>0. 01, 0. OSz<0. l) X'&Z Z t (IS*^ 
4) , 0.3<x+y+z<1.5, 0.01<y<0.7, 7)>o 50 
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0.0£z<0.r?*>S£& (11*315) £-#Jli UCH 

[0 0 14] £f>fc*fcr©H«©»0]a:, 11*92, 
4XJ45IC#,5^BJ{Cg|b, &mttefcCaXh?)Zk (ffi 

[0 0 15] 

[%9i<DmM<DBffl z<Dttim<r>%wv>&±m5imztf 

Alo*o On N16-0 :Rel,Re2, T'/^^H, 7^7 7 
iJ-^TDVIdg^-rS^JRMe Olett. Ca, Mg, Y, XttL 
a£Ce£i&< 7X^ K±*©-«*L< te~«£A±) 

JSRel (Rell4, Ce, Pr, Eu, Tb, Yb, Xf4Er<D— S^b 
< fi-agl±) 3Z.I4rgg©7 K&JRRelSTJ 5 * 
f+SSlJi LTWRe2 (Re2»4Dy) XW&£tvXi<^o 
[0 0 16] r<Dajffi©M^©#±S7U*Srf : tS$-Br^i 
Raft«J*3fefrl-*5»r^-C, &JSMel4, (Si, Al). (N. 0)4 © 
4 iCS^^tf T/P7 7f-frn>©*t /i^firflS 3 fig 

fc9*fiHBi»6», *ffilSi«Sfc9*Wi«i*-eii* 

W-^ICjoV>t, 0.6<m<3.0, *»o0^n<1.5-Cfc 
9, ^JSMe/55HftWi:#, 0.9<m<4.5, 3i»o0^n<1.5 
T-fcSo w©ttH«^©fll«-CfH:, 7/W77t-(7ny 

[0 0 17] ^Oc7)^JgMe(7)-gp^U<»4^:T?:g^ 
■CV«5#3tft:W3~4 AJ; 9 J±-5^lC7ctv\ -©fc 

[0 0 18] r©ffi0O^^(O^±S7c^*#e 

457^= KftARel ©ffilc , *W-g^JT*fc 57^ 
- K^JSRe2-C'gg|-r-5 r h 2)5 T*# 5 ^, C 

S^JTfc5ri3S>f>, -HWc, SfJxE<D-^lc:t3V>-C. 
0.0^z<0. lt1-5cDz)Sjl^-Cfc-5„ 
[0 0 19] $?>^, rotBK«)«M«)*±SK*Srf ! J' 

TuyZmtiHttnt-t-ZhnXh*). ^-?W7n> 
[0 0 2 0] i-fttofe, ^^7 0^8, 
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Si«* Al.CN^ (0<z<4.2) 

100 2 1] rft.CjttU 7/U77t^7ny|t -j& 
: Me< Siis-bno Al<.«> 
MMt'TA "J . Si-N^-g-CD-gB^Al-N^ 

•S"Ctt&£*l££t't>.£, 4t5£<D&«Me (Meli, Ca, M 
g, Y. XKtLaiCe£|&< 7^*- K&JS<z>-S^b<fi 

[0022] rroiSfcffi^ttHSftffitfftfcSfc io 

*, ^-^iMTn^figrJI^^SK. 7^7 7 t 

?«7ny|:S(W^tU **Of'C?i:«5Ce % P 
r, Eu, Tb, YbRVEr<D$i±m&<kV9C>— fflg L < li ~ 

[0 0 2 3] ^flKltfU 7^7rW7ny^SM 
£K'fc5<5:, ^r«igS«itlC^mMe (Meli, Ca, Mg, 20 
Y x XliLaiCe£|&< 7^9=- K&JgW— S^L-Oill 
«E*±) H»**, tit. »3t©«p^ift 

5Ce. Pi\ Eu. Tb, YbStfErCD^^Tcirftf 5 , -t»&JR 

[0 0 2 4] Lfc/JSoT, ©{WPr-^-^lMTn^ 

[00 25] ^-?lMTnv£a#Wsfi: 30 

1" 5 Wi£ . Btf3£tf> Bg60-206889^^<D HlS0ij33 ~3 

S:®!lPU^rtLfc*3t#©*i-5*3tfett, #fe (410 
~440nm) ZcDffi®(D%KW#±g7t;^Sr# 

« § *fc»»b**3t*«t, ft iM" 6 HJStfJ 1 Xlf H 2 

{C^LAc<t5IC, |^CEr<7>fl-ffiK<fc9 3§7££ii, m&fr 
(570~590nm) T'foS,, :0$*i>5), 7 
t^(7D ^©tt AflBt+fcErasS 9 ft?, r i |C J; 

[0 0 2 6] *7c> i{WP7^77t^7nyt*fe 

[0 0 2 7] -rt£t>h. T/^y 7 ^-4 T a jgl&tf 
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[0 0 2 8] tit, 7*77W7ny|j:, 

*Sftft***f±» ffijfcsfc+roO/Ntfc. &JgMe£.l&-f 
£7^*-K&JSReltf)«3i<7)iIiR, JKf#ftf£*!U: L 
TW7>^-K^JgRe2W^litcJ;t), ^ftfafrbM, 
S fe ttS^-H c i o -cae »TtB i: 4 5. 

[00 2 9] r»aSSW^(0^±^7C^*#fS 
$*fcll*ft*«3t#ro , t , -e. m=l-5» n=0.75T-fe9, 
ffifigit : Me.Si 9 .« Aks 0a:s N&a :Rel,Re2. irtJV 
T, 0.3<x+y<0. 75, 75>oO. 01<y+z<0. 7 (fcfc*U y 
>0.01, 0.0^z<0. 1) , ^L<lt0. 3<x+y+z<1.5« 0. 
01<y<0. 7\ /4>o0.0^z<0. l<D&W%ffitzL. &JSMe 

hubs**©** e>-f , m-fiuafisjtefcfcfcfcflitfjw 

[0 0 3 0] rcoi^t-, COai®«>^^(D^±g7E^ 
W^lT**) "5 , *«£ * 5 InGaN^WfeLEDlcS Lfc#?t^ 
[00 3 1] 

hT'U^gg^fflVV 20MPa(OiDJET, HOO'C, lat 

(D Ca-T/W7rf-'fTD XCaaTs Si..7s Aks N 15 .2s 0 
0.75 ) 

mk^J HHSuU*) : WfcTfr $ - » A (A1N) : 8tfb#/l' 
•^^A(CaO) = 13 : 9 : 3 

® Eu-T/U7rf*^Tn>-(Euo.6 Si 9 .75 Ak2s Nis.2s 0 

a 75 ) 

ttflS^>f*(Si»H.) : 4{tr/l^5 ^^A(A1N) : Sfeft^.- 
p t°!>ix(Eu 2 03)=13 : 9 : 1 

® Pr-T/^^r^^TnyCPrcs Si 9 .75 Als.25 N J5 .2s 0 

a 75 ) 

^fc4r>f* (Si* N«) : ^kT^$^^A(AlN) : 
ir^-i/ACPreOn )=30 : 27 : 1 

3) Tb-T/U^r t^To >(Tba 5 Si».7 5 AI2.25 Nis.25 0 
0.75 ) 

«ft:4r>f *(Si>Ni) : »kT^5 A(A1N) : IMkx/U 
fcf ^A(Tb4 07>=26 : 18 : 1 

® Dy-7^^r^^7"n^(Dy(L5 SLus Ak2s N.s.» 0 
0.75 ) 

^7^0 v'^^(Dy 2 0 3 )=13 : 9 : 1 
@Y-7/U7rf^7ny(Ya S Si9.75 Akas Ni&s 0 
0.75 ) 



(5) 



Sfc^irf (SkN«) : £fc7Vi'5 = *A(AlN) : SKbx-f 
*:/n*/i>A(DyiOi)=13 : 9 : 1 

© Yb-7/W7r W7d y(Ybas Skis Ak» Nts-z* 0 

OLTS ) 

»fc*-f*(Si»N.) : mtT^Z-t^iMU) : Wt^y 
x/l/fcT|>^(Yb2()i)=13 : 9 : 1 

® Er-77l'7 7lH' 7Dy(Ero.s Sun Akn Ni&» 0 

0.75 ) 

Sft-W 3i (Si, N< ) : « flST* 5 = ? M, (A1N) : IMfct/l' 
f ?A(Er:Q>)=13 : 9 : 1 10 
(HJS0U) Eu ! ' ^^(Dttgi^fb^-ttfcCa-TA- 

[1] Ca(0%Eu)-TA-7TlM' To i'ffofeftfcain Sk™ 

AkzS Nl5.25 Oo.75 ) 

(3) Ca-T/l^rlMTnvro^J^fti: Lfc,, 

[2] Ca(5%Eu)-T/l-7rf--('To>«3fefr(Cao., 1 Eu 

O.025 Si9. 75 Ak25 NlS.25 Oo. 75 ) 20 

CD Ca-T/l<7 rf-fTpy:® Eu-T /U!7 rf^fTny 
=95 : 5 

[3] Ca(10%Eu)-T^77f-^Tcr^«3tft(Caa68 Eu 

0.0S Sk.75 A12.2S Nl5.25 Oo. 75 ) 

(D Ca-T/^^ 7^7^:0 Eu-T A- 7 rt'fTpy 
=90 : 10 

[4] Ca(20%Eu)-T/U7 7f-^Tn>^3t*(Cao.6o Eu 

0.10 Sis. 75 A12.25 Nl5.25 Oo. 75 ) 

=80 : 20 30 
[5] Ca(30%Eu)-T^7 7f-^TnV^5fe^(Cao.s3 Eu 

0.IS Sk.75 Alt 25 Nl5.25 Oo. 7S ) 

(D Ca-T/l-y 7t^7ny : ® Eu-T/W^ 7^7p> 
= 70 : 30 

[6] Ca(50%Eu)-T/U7 7^7n>'^3t^(Caa3a Eu 

0.25 Si9.75 A12.2S Nl5.2S Oo. 75 ) 

(D Ca-T^y 7^4 Tu y : ® Eu-7/V:7 7f^7ny 
= 50 : 50 

[7] Ca(70%Eu)-T/W7 7^Tn^3fe^(Caa23 Eu 

0.SS Sk.75 Alz.25 Nl5.25 Oo. 75 ) 40 

(DCa-T/U^ 7 7 n > : <2> Eu-7A- 7 7W7oy 
= 30 : 70 

121 Hi, wH?>[l]-[7]<0»*flc^*fe**(cBB-rs^ 

[0 0 3 2] V^-f tto^jtffoafi^^^ h/Mwfc. 28 
Onmt 400—450nmlC/£v > t #ffi«> 5> *l5 0 r CO Zo 

cof-^li, Eu* >f rf-yis#S$ii5«l#i s 5«*-e, 
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[0 0 3 3] fib®*'** h/Hcatl^Ilo(Dfc 0 -^O 
ft, 280nm{Dfcf— ©{WftCa-TA'? 7iN( T n y 
&Bb& £ tltz tf — ^ (CjftJK U 400-450nm<£> if— ? 14, 
Eu-(NXtt0)«)«?(f»«l»J|X»t»Mi-5. &#<OEu- 
(N, 0) Ottffi&ftRlRffilCjftA-r s ft, Eu 2+ -r * 

r t ^?>, InGaN^WfeLEDCOSbfift (450-550nm) t LX 

[0 0 3 4] 0 2(4, Eu 2 * >f*VOtt«***fc£*fc 
Ca-7/l/77f^7D VS^^^^^ b/^^^L 

4>tf—*f4, Eu 2 * J *><Dttmm<DmNCL1Z&<>X56 
Onm^e>590nmfCigjKWfC>'7 hLfCo w<0*Jt^^ h 
/Hc*5i*-Cfc, H 1 [c^Lfc®jg*-<^ h/u iridic, 
tr-*<0**Sft£tt* Eu* -f*VOf+g*#5«G>i:* 

* J: 0 tf-^Sftfttttfc^t LTfiiV> 0 

[0 0 3 5] ft*J, £l±^Ca-r/U7 7*>fTo^** 
ft^Eu 2 * >f *^f*e*«:*1-*Ott, fltrifc*>»0, ftg 

LfcEu 2 * >T^-vra^SEBI^5At>SinTV>5^t(ci 

<2> Pr-T^7 7^T o^=50 : SOO^/UfctiB^ U 

wOig^t&^Sr^y h7 p u^^SSrffl^T20MPaOJDff 

Tx 1700^3, latjnO)a*#ffl**^l«FPi(ISJC&S*TPr 

0.38 Pr0.25 Si9.75 Akffi Nl5.25 0a 75 JSToNSScLfco 

[0 0 3 6] 0 3 (a) (b) 14, Pr'* >f ^>Sr#ffi$ 

*fcCa-7 p /l/7 7^Tn>*3tft:(OjajB^'<^ WK 

/HC(4, 263nm|CJ[2:V^fc 0 — ^ 460nmf+ifi(CPr 3 * >f^> 

<Df-f^tcx^<«t»t?-^as«jii$nfc 0 5§3ttf— 

^{C(4, 450-750nm(CPr* ^^>Of-fS^|z£^< ff 
(H*«!3) W»»*4r, CD Ca-7/U7 7t^7ny : 



® Tb-T^7 7f*^Tn>=50 : 

^7 p ^^^fiS:fflv^-C20MPaC7)API£ 
T, 1700t:, latm^S^fflSt^-ei^WRJSS-erTTb 

0.38 Tbo.2S Si9.75 Ak25 Nl5.25 Ott.75 

[00 3 7] I4(a)(b) f±, v Tb* 4 

/HCJi, 263nmtwj£v^t°-^z)S^.ftP>nr::„ 
(Cli, 470~650mnlCTbr'* ^VCDf-fg^dg-^ S 
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= 50 : 40 : lOO^/Pifc^S^ U r h 
7 P U^^g5rffi^T20MPaCO*DJET> 1700^, latmO^ 

fcSjt^(Cao.m Eua» Dyoias Si9.rs AI2.25 N 
15.25 O0.75 )§:^^Lfco 
[00 3 8] m 5 (a) (b) {4, % Eu* 4 ^ tDy" >f 

(DBS*'** h/K E**'** hA'SrSLfc? 1 **- hX~ 10 

[0 0 3 9] gifi*'** h/MCfi, 290nmt450nm{Cj£v^ 
If— ^^Zlogfebttfco rcoroOt 0 — ^(7)^, 290n 
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